ABSTRACT An ultra-dense network (UDN) can increase the system throughput by deploying a mass of low-power nodes and can greatly increase the spectral efficiency and energy efficiency at local hot spots. However, due to the random deployment of a large number of base stations (BSs), severe inter-cell interference may occur, which hinders the development of resource allocation technology, especially on the computational complexity. In this paper, we propose a quality of service (QoS)-based cross-tier cooperation transmission scheme over the UDN. In order to mitigate the interference and improve the entire network throughput, a non-convex problem is formulated. To solve this problem, first, we define the cooperation signal-to-interference-plus-noise ratio (SINR) threshold that represents the ratio of transmission power of macro BS and SBS, and we utilize the stochastic geometry theory to analyze the effect of cooperation SINR threshold on the number of user equipment. Then, we use the dedicated channel to decrease the cross-tier interference according to the fractional frequency refused mechanism. To reduce the computational complexity, this resource allocation scheme is divided into two parts, i.e., subcarrier allocation and power allocation, and we also consider the QoS requirement. The simulation results verify that our proposed scheme has better performance than the other two existing algorithms while QoS is guaranteed.
I. INTRODUCTION
Heterogeneous Network (HetNet) is well known as a significant network architecture proposed in fifth generation (5G) networks. And as a key technology of HetNet, ultra-dense network (UDN) can satisfy the ever-increasing traffic demands and challenges [1] . However, due to a large number of low power nodes deployed, UDN will inevitably result in serious inter-cell interference, which may cause the degradation of the entire network.
There have been extensive technologies developed to improve system throughput in the UDN scenario [2] , [3] .
As an important method of interference coordination, coordinated multiple points (CoMP) transmission/reception can effectively suppress inter-cell interference, and improve system capacity and quality of service (QoS) of edge users.
The associate editor coordinating the review of this manuscript and approving it for publication was Giovanni Pau. Sakr and Hossain [4] propose a cross-tier cooperative approach that utilizes the CoMP transmission. And they use the stochastic geometry tool to analyze the throughput and outage probability. In order to improve the data rate of edge users that have a weaker signal-to-interference-plus-noise ratio (SINR), an edge-aware cross-tier cooperative approach is proposed in [5] . Compared with the full cooperation (FC) strategy, the developed strategy can maximize the system energy efficiency at the best cooperative SINR threshold. The work in [6] considers a cross-tier cooperative scheme to reduce the outage probability and increase average ergodic throughput. The authors allow the base stations (BSs) in each tier to extend the original cell to the cooperation region. Huang et al. [7] use the dedicated channel mechanism to reduce the cross-tier interference. And they propose two adaptive channel separating scheme to increase the resource block utilization. Dedicated channel technology is a bandwidth allocation technology based on fractional frequency refused (FFR) mechanism. Liu et al. [8] propose a dynamic subcarrier allocation scheme by using the FFR technology for the single-tier network and investigated the best distance threshold tradeoff between throughput and coverage. And simulations verify that no matter what strategy is used, there is an optimal power to meet the coverage probability and get the optimal rate. Ijaz et al. [9] present a new type of interference cancellation methods named reverse frequency allocation (RFA), which can reduce the cross-tier interference by reversing the transmission directions of interferers. Abdelnasser and Hossain [10] investigate the power allocation and subchannel allocation in a ultra-dense two-tier network with data rate requirements and interference constraints. And results show that clustering can reduce interference by combining high-interference cells and jointly serving user equipments (UEs). A cluster-based resource allocation to degrade the co-tier and cross-tier interferences in [11] , which are caused by the dense deployment of femtocells. The work in [12] decomposes the maximizing system data rate problem into a resource assignment and device-to-device (D2D) routing problem. And the resource assignment optimization is solved iteratively as a monotonic optimization problem.
Some recent studies are devoted to reducing the computational complexity of resource allocation. A cluster-based energy-efficient resource allocation approach is proposed in [13] . The authors first propose a modified K-means method in the clustering stage, which can reduce the complexity and interference. And then execute the resource blocks and power allocation. Tang et al. [14] solve the problem from a distributed perspective to reduce the complexity of centralized processing. They utilize the non-cooperative game theory to analyze resource competitions, considering power and QoS constraints of UEs. The UE access and resource assignment problems are modeled as a mixed integer nonlinear programming problems in [15] . The authors propose a three-dimensional matching algorithm for users, access points (APs) and resource blocks (RBs), and power assignment is performed by using non-orthogonal multiple access (NOMA) scheme. In order to improve system throughput, they utilize the difference of convex (DC) programming technology. DC programming can be used to convert a non-convex function into the difference of two convex/concave functions, and then to obtain an approximately optimal solution through an iterative method [16] .
Nevertheless, some other studies focus on user-centric virtual cells. In a user-centric virtual cell, each user has some base stations associated with it to avoid low SINR when located at the cell edge. For the transmission power, authors in [17] demonstrate that if each user uses the maximum ratio transmission (MRT), a small virtual cell size should be selected. And if the zero-forcing beamforming (ZFBF) is used, the size of the virtual cell should be increased. In order to maximize the signal-to-noise ratio (SNR) of each user, authors consider using MRT in each virtual cell in [18] . They find that user-centric MRT can achieve higher cooperative gain and avoid serious interference. And they also demonstrate that for the radio access point (RAP) cooperation, channel-based joint precoding is critical. A NOMAbased resource management strategy to optimize the energy efficiency of the network in [19] and the authors use matching and DC programming theories to reduce the complexity of the resource allocation process. Liu et al. [20] propose a load-aware virtual cell scheme, which can decrease the small cell overloading and achieve a tradeoff between the resource requirement and performance. They first find an optimal radius to model the virtual cell size. Then they find the appropriate activation threshold based on the virtual load.
Although resource utilization ratio is improved through properly dedicated channel partitioning in [7] , however, this paper does not give an optimal resource allocation scheme. Therefore, it is necessary to find an effective solution to solve the cross-tier interference problems in heterogenous UDN to improve overall system throughput, which motivates our work. In our previous work [21] , a cross-tier cooperation resource allocation scheme was proposed to improve the throughput. In this paper, we further analyze the QoS-based cross-tier cooperation resource allocation approach over ultra-dense HetNet to improve the throughput of the network. The main contributions of this paper can be summarized as follows.
• We propose a QoS-based cross-tier cooperation resource allocation (QCCRA) approach over ultra-dense HetNet to improve the throughput of the whole network. We use the dedicated channel mechanism to reduce the cross-tier interference, and utilize the cross-tier cooperation to improve the total network data rate, where the QoS requirement and transmission power are jointly considered.
• A non-convex resource allocation optimization problem is modeled and is composed into two parts, i.e., subcarrier allocation and power allocation, to reduce the computational complexity. A subcarrier allocation algorithm is developed to find the appropriate subcarrier set for each UE, and two power allocation algorithms are performed on small-tier and the macro-tier, respectively, which further reduces the computational complexity.
• By utilizing the stochastic geometry, we analyze the impact of the cooperation SINR threshold on the numbers of three kinds of UEs, i.e., macrocell user equipments (MUEs), small cell user equipments (SUEs), and cooperative user equipments (CUEs). Specifically, we use Apollonius Circle to approximate the number of SUEs, and thus calculate the numbers of the other two types of UEs.
• Simulations verify that the performance of the proposed scheme is better than the other two existing schemes. The proposed scheme can take advantage of these two schemes, i.e., considers both signaling costs and performance improvements. We also show how to set the cooperation SINR threshold in different scenarios to get the optimal throughput.
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The rest of this paper is organized as follows. We give the system model and problem formulation in Section II. In Section III the proposed QoS-based cross-tier cooperation resource allocation (QCCRA) scheme is developed. Some simulation results and analysis are given in Section IV. Finally, we conclude our work in Section V.
II. SYSTEM MODEL AND PROBLEM FORMULATION
This chapter mainly gives the two-tier heterogeneous network model and resource allocation problem with QoS and other constraints.
A. SYSTEM MODEL Our network model considers the downlink transmission in a HetNet with two tiers: macro-tier and small-tier, where one macrocell overlapping N small base stations (SBSs) as shown in Fig. 1 . The green signal represents the desired signal, and the blue signal represents the interference signal. SC m represents the subcarrier m. B = {0, 1, . . . N } denotes the set of BSs, where 0 = {n|n = 0} represents macro base station (MBS) and S = {n|1 ≤ n ≤ N } represents SBSs. The transmit power of BSs denote as P i (0 ≤ i ≤ N ) and P 1 = P 2 = . . . = P N , respectively. We assume the SBSs are deployed obeying a homogeneous poisson point process (PPP) of intensity λ S , and the UEs are also deployed according to an independent stationary point process (e.g., a homogenous PPP) with intensity λ U . We can calculate the number of SBSs and UEs based on the density λ S and λ U , which is expressed as N and U , respectively. We assume that the radius of macrocell is D and the radius of small cell is d. Total bandwidth B in the network can be divided into M subcarriers equally, i.e., the bandwidth of each subcarrier is B 0 = B M , and the set of subcarriers represented as M. In our model, we divide UEs into three categories: 1) MUEs, they are outside small cells and can only be served by MBS; 2) SUEs, they are inside small cells and are served solely by SBSs. The received power from SBS is sufficiently higher than that from MBS; 3) CUEs, they are inside small cells and transmission power from MBS is compared with the transmission power from SBS, they are jointly served by MBS and SBSs. In Fig. 1 , the yellow UEs denote MUEs, red UEs denote CUEs, and green UEs denote SUEs. We define U M , U C , and U S as the sets of MUEs, CUEs, and SUEs, respectively. The set of UEs is represented as U, which is expressed as
where β is the cooperation SINR threshold, which represents the ratio between powers from MBS and SBS. γ m n,k is the SINR on subcarrier m of SBS n to UE k, and γ m 0,k is the SINR on subcarrier m of MBS to UE k.
In this paper, we compare the performance of the proposed QCCRA algorithm with two other two existing algorithms, which are non-cooperation (NC) and FC schemes. For the NC scheme, UEs (i.e., SUEs) inside small cells are only served by SBSs, and other UEs (i.e., MUEs) are only served by MBS. For the FC scheme, all UEs (i.e., CUEs) inside small cells are operating in the cooperation mode, they are jointly served by MBS and SBS, and other UEs (i.e., MUEs) are only served by MBS. Each of the three UEs occupies different frequency bands, and one UE's data transmission does not cause interference to the other two types of UEs. FIGURE 2. The detailed subcarrier allocation for the QCCRA scheme, and assume that there are 6 UEs (i.e., CUEs) in the system, which are evenly deployed among the three small cells.
We give the detail frequency band assignments of the proposed QCCRA and the above two conventional schemes in Fig. 2, Fig. 3 , and Fig. 4 . We use SBS n (n ∈ [1, 3] ) to present the n-th SBS, and SC m (m ∈ [1, 8] ) denotes the m-th subcarrier. We assume that there are 6 UEs in the system, which are equally deployed among the three small cells.
B. PROBLEM FORMULATION
To avoid cross-tier interference, we utilize the dedicated channel scheme, which is based on the FFR mechanism and can decrease inter-cell interference (ICI) in orthogonal frequency division multiple access (OFDMA) systems through inter-cell coordination [22] . In our work, three types of UEs use their own subcarriers and has no interference to other types of UEs. We suppose that SUEs and CUEs in small cells can reuse the same subcarriers. In our UEs' classification strategy, all CUEs are at the edge of small cells and are FIGURE 3. The detailed subcarrier allocation for the NC scheme, and assume that there are 6 UEs (i.e., SUEs) in the system, which are evenly deployed among the three small cells.
FIGURE 4.
The detailed subcarrier allocation for the FC scheme, and assume that there are 6 UEs (i.e., CUEs) in the system, which are evenly deployed among the three small cells.
vulnerable to strict inter-cell interference. To reduce interference between small cells, we assume that CUEs use different subcarriers on small-tier. We suppose that the number of subcarriers is larger than that of UEs, i.e., M ≥ U .
MUEs are only served by MBS (i.e., BS 0), the SINR on subcarrier m of MUE k is expressed as
SUEs are only served by SBSs (i.e., BS n, n ∈ [1, N ]), the SINR on subcarrier m of a SUE is expressed as
is the power on subcarrier m of BS n to UE k, and χ m n,k is the subcarrier allocation indicator. When the subcarrier m of BS n is allocated to UE k,
is the channel gain on subcarrier m between BS n and UE k. g m n,k ∼ CN (0, 1) is the Rayleigh fading coefficient, and x n,k is the distance between BS n (serving BS) and UE k. α i is the path attenuation coefficient. For macrotier, the attenuation coefficient is α 1 and the attenuation coefficient of small-tier is α 2 . σ 2 is the variance of additive white gaussian noise (AWGN).
is the interference of UE k in small-tier, which is expressed as
Due to CUEs are the edge UEs of SBSs, so they can be more susceptible to suffering co-tier interference. In our scheme, one CUE can be served by MBS and one SBS. Then the SINR of a CUE on subcarrier m is written as
Hence the achievable data rate of UE k is given by
Let p = p m n,k , χ = χ m n,k . Then we formulate the following optimization problem P1 to optimize the throughput of the entire network,
Constraints C1 and C2 explain that one subcarrier can only be assigned to at most one UE. C3 expresses the transmission power of BS is limited. C4 guarantees that the UE rate can achieve the minimum required rate.
III. QoS-BASED CROSS-TIER COOPERATION RESOURCE ALLOCATION SCHEME
We note that the optimization function P1 is not a concave function due to the binary function χ m n,k (n ∈ [0, N ]) [24] . In this section, we develop a QCCRA strategy to optimize the whole network capacity. In order to allocate the number of subcarriers to three types of UEs according to the load, we first utilize the stochastic geometry theory to analyze the influence of cooperative SINR threshold on the number of UEs. For the sake of simplicity, we decompose the optimization problem into two parts. In the first part, we assume equal power on each subcarrier and propose a subcarrier allocation algorithm for UEs. Then in the second part, we propose two algorithms to solve power allocation problems both on macro-tier and small-tier. VOLUME 7, 2019
A. ANALYZE THE NUMBER OF UEs
In order to analyze the number of UEs by using the intensity λ U , we first calculate the areas occupied by these three types of UEs. It should be noted that the number of three types of UEs should all take integers.
1) THE NUMBER OF MUEs
We define S Hole = Pr{N s = 0} [7] as the area out of small cells. Where Pr{N s = 0} indicates the probability of having no small cell at this point. And N s = 0 is the number of small cells that cover a point. Due to Pr{N s = 0} = exp(−λ S · πd 2 ), the number of MUEs is
In fact, we let U M = exp(−λ S · πd 2 ) · λ U to satisfy the integer constraint, where x maps x to the least integer greater than or equal to x.
2) THE NUMBER OF SUEs
The distance between MBS and SBS is R, and the original region of small cell is S O = π d 2 . According to [7] , when small cell and macrocell have the same path fading, the real region of small cell is an Apollonius Circle. We calculate the closest and farthest distances of this circle, and then obtain the average radius of Apollonius Circle. Let α 1 = α 2 = α, and we define the closest distance x C and the farthest distance x F (n ∈ [1, N ]) as shown in Fig. 1 . Thus
According to (9) and (10), we have
The average radius of Apollonius Circle can be obtained by x = (x C + x F )/2. Due to the actual area occupied by SUEs is S S = πx 2 . So the number of SUEs can be expressed by
where N = π D 2 · λ S is the number of SBSs. We let U S = N · S S · λ U to obtain the integer.
3) THE NUMBER OF CUEs
The rest of UEs are CUEs, so the real area occupied by CUEs in a small cell is S C = S O − S S . Then the number of CUEs can be expressed as
We let U C = N · S C · λ U to obtain the integer.
B. RESOURCE ALLOCATION
In this part, we propose a QCCRA scheme and the resource allocation process is divided into subcarrier allocation and power allocation to reduce the computational complexity.
1) SUBCARRIER ALLOCATION
We assumed that each BS allocates the same power to its subcarriers equally. CUEs are always vulnerable to strong interference, so in order to avoid the co-tier interference of small cell edge users and improve data rate, we separate the frequency bands by FFR mechanism and then perform cooperative transmission among MBS and SBSs. We utilize the maximum SINR scheduling scheme for subcarrier allocation, in which each UE is ranked according to the instantaneous SINR to achieve high throughput and we always assign subcarrier to the UE with the best channel quality. Different UEs have different QoS requirements and need to ensure the minimum QoS requirement. In our subcarrier allocation algorithm, we consider different type of UEs occupy different numbers of subcarriers depending on their load [24] , i.e., there are 
if R m 0,k ≥ R min then 10: flag 0 = 1;
11:
end if 12: end while 13: reset U C ; 14: for n ∈ [1, N ] do 15: flag 0 = 0; 16: while U C = ∅ do 17: find arg max 
if R m 0,k ≥ R min then 21: flag 0 = 1; 22: end if 23: end while 24 : end for
2) POWER ALLOCATION
Based on the result above, the UEs have been assigned with the appropriate subcarriers, but the power on each subcarrier is still equal, we need to optimize the power on the subcarrier. Let p = p m n . The optimization problem P1 is rewritten as P2,
We note that the objective function is not concave [25] . Since there are two variables on the numerator, in order to simplify the optimization process, we approximate the problem to solve the power allocation problem for macro-tier and small-tier, respectively [26] . Then the total capacity of the network can be approximately expressed as
The whole throughput of macro-tier can be expressed as
Obviously, we note that (17) is a concave function. The total capacity of small cell-tier can be written as
We give the optimal power allocation algorithm for macro-tier by Lagrange optimization technique [27] , [28] .
The Lagrangian function of (17) is written as
where µ and λ m k are Lagrange multipliers. With using the Karush-Kuhn-Tucker (KKT) conditions, the transmission power on each subcarrier should meet ∂L(p m 0 , µ, λ m k )/ ∂p m 0 = 0, then we can obtain the optimal power p m 0 allocated to subcarrier m, which is expressed as
In this paper, the gradient descent method [25] is used for solving the above dual problem. Let τ denotes the iteration number, we calculate the gradients of Lagrange multipliers
and
Denote step sizes as t 1 and t 2 . We can get the update equations for each dual variable in the (τ + 1)-th iteration as following,
where [x] + = max{0, x}. Then the power of the (τ + 1)-th iteration is
The optimum solution is obtained if the optimum Lagrange multipliers µ and λ m k are found and the total power constraint C3 and rate requirement constraint C4 are satisfied.
Next, we will give the optimal power allocation for macro-tier as shown in Algorithm 2. = {p
}, the optimal total capacity for macro-tier TC
Then we consider the power allocation processes of smalltier. We know that the objective function of (18) is not concave [25] . However, it has a special structure that we can utilize. In (18), we let r m n,k = log 2 (1 +
, and rewrite it to apply DC function [15] . Moreover, r m n,k can be rewritten as follows,
We define
Thus, we have r m n,k = f m n,k − g m n,k . We note that both f m n,k and g m n,k are concave functions. With the constraint of C4, the data rate of subcarrier m from serving BS(s) to UE k is expressed as
So the total throughput of small-tier can be expressed as
Then at τ -th iteration, the total throughput is obtained by
where ∇g m n,k (p (τ ) ) is the gradient of g m n,k (p (τ ) ) at p (τ ) , which is written as
The (18) can be approximate by
s.t. C3 :
Next, we utilize the gradient descent tool to obtain the power allocation in the next iteration. This process is repeated until the algorithm converges. Algorithm 3 shows the DC-based power allocation algorithm for small-tier. 
update ∇g m n,k (p (τ ) );
7:
τ = τ + 1; 8: end while
IV. NUMERICAL RESULTS
In this section, we validate the performance of the proposed QCCRA scheme through Monte Carlo simulations. In the following simulations, the heterogenous UDN includes one MBS with a transmission radius of 200 m and multiple SBSs with a radius of 50 m. The MBS is at the center of this range and a number of SBSs and UEs are modeled as independent PPP with density λ S and λ U , respectively. Table 1 summarizes some key simulation parameters. In addition, the distributions of network elements at different intensities is shown in Fig. 5 . According to Fig. 5 , the UEs' intensity cannot exceed λ U = e −3 to satisfy M ≥ U in our setting. 6 gives the effect of the cooperative SINR threshold on the number of three types of UEs. We can see that the number of MUEs is always the largest, almost unaffected by the cooperative SINR threshold. This is because the number of SBSs is usually not more than the number of UEs in UDN, and the number of UEs in our settings is not more than e −3 , so λ S ≤ e −3 , which results in SBSs cannot cover most of the area. As the SINR threshold increases, the number of CUEs increases significantly and the number of SUEs begins to decrease. This means that more UEs in the small cells are divided into CUEs with threshold increasing. And we can see that the number of UEs in case λ U = e −3 is greater than the number of UEs in case λ U = e −4 .
Next, we compare the performance of the proposed QCCRA scheme with other two conventional schemes, i.e. NC and FC schemes. In order to consider the performance of these three strategies on the same scale, we use the same decomposition method as (16) to reduce the computational complexity of these two optimization problems as well.
For the NC scheme, the total network throughput is expressed as
For the FC scheme, the total throughput is written as Fig. 7 compares the whole network throughput of the proposed QCCRA scheme with the NC, FC schemes. In the NC and FC schemes, system throughput hardly change with the cooperation SINR threshold β. While for QCCRA scheme, it can be seen that when β is low, the data rate grows faster. And as the β increases, the system throughput of QCCRA scheme gradually stabilizes and reaches a maximum at β=18. Comparing (34) with (16) , it can also be clearly seen that the QCCRA algorithm obtains higher throughput than the NC scheme. This is because, for the NC scheme, MBS only considers the UEs outside the small cell, whereas the MBS in QCCRA scheme also serves small cell edge users who suffer from serious interference, which can boost the whole network throughput. Moreover, the throughput of QCCRA gradually approaching the FC method as the cooperative SINR threshold increasing. This is due to M ≥ U , each UE can be served by at least one subcarrier. So the proposed QCCRA scheme achieves the highest throughput when achieving full cooperation. However, in realistic scenarios, full cooperation will cause a large amount of signaling overhead. In other words, the QCCRA scheme takes advantage of both the NC and FC strategies. 8 considers the variation of system throughput with cooperative SINR thresholds β in different densities of SBSs and UEs. For λ U = e −3 , we can see that capacity is increases with β and gradually tends to be stable, and achieves the full cooperation. Comparing λ S = e −5 , λ S = e −4 , and λ S = e −3 , network capacity increases as the density of the SBSs increases. This is because the number of SBSs increases and a large number of UEs are served by nearby local hotspots, which avoiding path loss caused by macro station services. Moreover, it can be clearly observed that the higher the density of the SBSs, the larger cooperation SINR threshold is. This reveals that as the number of small base stations increases, users are more likely to be in the small cell range, requiring a higher cooperative SINR threshold to allow users in the small cells to reach full cooperation. Fig. 9 presents the throughput of the proposed strategy versus cooperative SINR threshold β in different cases of MBS and SBSs transmit powers. Generally, the case α = 3 has lower throughput compare with α = 2 when the other parameters are the same. For each α and P n = 20 dBm, the higher the transmission power of MBS, the higher the capacity. The reason for this phenomenon is that the UE and SBSs are randomly distributed, and it is inevitable that UE is not in the region of the small cells. Therefore, they can only be served by the macro station. Moreover, the cooperative SINR threshold of P 0 = 37 dBm is higher than that of the case P 0 = 35 dBm when achieving the maximal capacity. This is because that when the transmit power of the MBS is higher, β is required to be higher to make all UEs in the small cells enter the cooperation region.
Furthermore, we plot the total throughput of QCCRA scheme in different scenarios of fading factors in Fig. 10 . It can be clearly seen that the capacity increases to a constant value with the cooperative SINR threshold β increases. Comparing case λ S = e −4 with λ S = e −3 , it is not surprising that the throughput increases as the base station density increases. This is because the density of the base station increases, the UEs are more likely to be served by the local small base stations, the path loss is reduced and the total throughput is improved. And for different path fading α = 2, α = 3, and α = 4, it also reveals that the larger the value of fading factor, the larger the cooperative SINR threshold when the maximum capacity is reached. This also shows that in the case where the attenuation coefficients of the small-tier and macro-tier are the same, the larger the attenuation coefficient, the larger the cooperative SINR needs to be to achieve the full cooperation.
V. CONCLUSION
This paper has focused on a cross-tier cooperation resource management over heterogenous UDN and a QoS-based crosstier cooperation transmission scheme was proposed to optimize the total system throughput. By utilizing the stochastic geometry, the impact of the cooperation SINR threshold on the number of UEs was analyzed theoretically. Then we have proposed a resource allocation strategy with the constraint of QoS requirement. In order to reduce the computational complexity, the resource assignment was decomposed into two segments, i.e., subcarrier allocation and power allocation. Specifically, one subcarrier assignment algorithm was developed to obtain appropriate subcarriers for each UE, and two power allocation algorithms were proposed for the macro-tier and the small-tier respectively to obtain the optimal throughput of the system. In our simulations, we have analyzed the impact of the cooperative SINR threshold on system throughput in scenarios where various parameters change. And the performance of the proposed QCCRA strategy was compared with the other two existing schemes, i.e., NC and FC schemes. The simulation results show that the proposed approach has better performance than these two strategies.
